Industrial oil olives have a fundamental economic importance for many countries around the Mediterranean Sea. However, during oil olive production, large amount of polluted waters known as olive mill wastewaters (OMW) are generated. Many studies have been undertaken to find efficient treatment systems and several techniques have been tested, but there have been few studies investigating sand filter or macrophytic plants for this type of effluent. The objective of this work is to study of the suitability of macrophytic plants to treat olive mill wastewater (OMW) after their passage through sand filter. The experimental pilot consists of a sand filter followed by a planted system. The sand filter is filled with 50 cm of sand and 10 cm of gravel in the top and the bottom of the filter. The alimentation (4 cm/j) is done sequentially following one day wet /three days dry cycle. In order to activate the degradation processes in the sand filter, OMW are diluted at 50% by domestic wastewater. The second step of the treatment consists of a tank (1x1x1 m 3 ) filled with 20 cm of gravel and 60 cm of soil planted with a mixture of aquatic plants (Phragmites australis, Typha latifolia and Arundo donax) at a density of 25 young plants/m 2 and irrigated two times in the week by 20L of preliminary filtered OMW. The obtained results show that the sand filter ensures a neutralization of the OMW pH which passes from 4.79 to 7.68. The enrichment of sand by the micro-organisms makes it possible to have an important mineralization of the organic matter. After ten weeks of operation of this system without clogging sign, the rate of abatement of the TSS, total COD, dissolved COD and phenolic compounds is about 70%, 79%, 76% and 81% respectively. The preliminary outputs by the planted system show a good adaptation of the tested plants to the preliminary treated OMW. The pilot allows an elimination of 94% of TSS, 99.7% of total COD, 99.5% of dissolved COD and 95% of phenolic compounds. With regard to OMW treatment efficiency, the results obtained agree with important role of macrophytes for maintaining the aquatic plants treatment capability particularly for wastewater with high organic matter.
INTRODUCTION
Olive Mill Wastewater (OMW) generated by the olive oil extraction industry is a great pollutant because of its high values of biological oxygen demand (BOD 15-135 g/L), chemical oxygen demand (COD 37-318 g/L), high contents of suspended solids (TSS 6-69 g/L) and acidic pH (4.6-5.8). Direct reuse of this wastewater in agriculture is limited by the phytotoxicity and antimicrobial effects due in particular to its contents in phenolic compounds (1.5-10 g/L), low pH and the presence of toxic fatty acids. Nevertheless, several methods have been proposed for treating OMW, such as composting [1] , evaporation ponds [2] , thermal treatment [3] , physical-chemical treatment [4] , biological treatments [5] and land spreading [6, 7, 8, 9, 10] . Macrophytes systems have been used for decades mostly for the treatment of domestic or municipal sewage [11, 12, 13, 14] . Recently constructed wetlands have been used for many other types of wastewater including dairy farm wastewaters [15, 16, 13, 14] , tool industry wastewater [17] , abattoir wastewater [18] , tannery wastewater [19] , freshwater fish farm wastewater [20] and wood waste leachate [21] . However, at the best of our knowledge, the removal of organic pollutant from OMW by planted system, as an environmentally sensitive and cost-effective treatment system for renovation of wastewater, has not been reported. The objectives of this work were focused to the study of the suitability of macrophytes to treat olive mill wastewater (OMW) after their passage through sand filter. Main goals were to test a preliminary treatment of OMW by sand filters and to assess the role of macrophytes in the removal of organic pollutant.
MATERIALS AND METHODS

Description of the experimental pilot
The experimental pilot consists of a sand filter followed by a planted system. The sand filter is filled with 50 cm of sand and 10 cm of gravel in the top and the bottom of the filter. The alimentation (5 litres) is done sequentially following one day wet /three days dry cycle. In order to activate the degradation processes in the sand filter, OMW were diluted at 50% by domestic wastewater. The second step of the treatment consists of a tank (1x1x1 m 3 ) filled with 20 cm of gravel and 60 cm of soil planted with a mixture of aquatic plants (Phragmites australis, Typha latifolia and Arundo donax) at a density of 25 young plants/m 2 and irrigated two times in the week by 20L of preliminary filtered OMW.
Analytical methods
pH, electrical conductivity (EC), total suspended solid (TSS), Kjeldhal-nitrogen (TKN), ammonia nitrogen (NH 4 + ), nitrite (NO 2 -), orthophosphates (PO 4 3-) and total phosphorus (PT) were determined by AFNOR methods [22] . Nitrate (NO 3 -) was analysed as nitrites after their reduction through a cadmium-copper column according to the Rodier [23] . Total and dissolved chemical oxygen demand (COD) was determined by a spectrophotometer method APHA [24] . Phenolic compounds were quantified by means of the Folin-Ciocalteau calorimetric method [25] using caffeic acid as standard.
Results and discussion
1 OMW characterization
The physical-chemical characteristics of diluted OMW by domestic wastewater summarised in Table 1 
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Physical-chemical analysis showed that the diluted OMW was an acidic effluent (pH 4.79). The electrical conductivity was very low (5.87 mS/cm) compared to that usually reported for urban effluent in Marrakech and which, according to Zenjari et al., (1999) [26] varies between 25.3 and 36.6 mS/cm. OMW contains high concentration of total suspended solids (TSS 1.39 g/L), in addition to having a much higher total COD value (26.78 g/L), hence a higher concentration of organic components. Toxicity in this type of effluent can arise from the high levels of phenolic compounds (5.69 g/L). The toxicity of OMW is mainly due to its phenolic or polyphenolic compounds. OMW has a high content of the mineral fraction; in particular of TKN (2.05 g/L), total P (0.30 g/L).
Water quality and performance efficiency of sand filter
Results of the physical-chemical analyses of input and output after infiltration through sand filter are presented in table 2. It can be observed that OMW underwent important changes in composition after passing through the sand. The treatment of OMW by sand filter maintained pH close to neutrality, it's increased from 4.79 to 7.68; this could be due to the fixation of organic acids, responsible for a low pH value, on sand particles. The evolution of electrical conductivity (EC) in the sand filter showed that the infiltration of the OMW through sand filter involved an increase from 5.87 to 7.36 mS/cm. Table 2 showed a very significant reduction of TSS (70%), this could be due to the physical processes (sedimentation and filtration). The total COD, dissolved COD and phenolic compounds content significantly decrease after passing through the sand. Indeed, the total COD decreased from 26.78 ± 0.52 g / L to 5.25 ± 0.30 g / L with a reduction of 79%, the dissolved COD decreased from 20.47 ± 1.56 g / L to 4.88 ± 1.22 g / L with a reduction of 76% and phenolic compounds decreased from 5,69 ± 0,15 g / L to 0.60 ± 0.15 g / L with a reduction of 81% .
Water quality and performance efficiency of experimental system
Analysis of pH, EC, total COD, dissolved COD and phenolic compounds were determined periodically at the inlet of sand filter and outlet of macrophytes tank. Fig. 1 shows that the pH of the raw OMW at the inlet of the experimental system (sand filter followed by a macrophytes tank) varied between 4.2 and 5.7 with an average value of 4.7.
The pH of the treated OMW at the outlet of the experimental system increased from two to three units, with an average value of 8.09. This could be explained by the buffer capacity of the soil (pH=8.45) and its aptitude to be resist pH variations.
Figure 1. Temporal changes in pH of the olive mill wastewater at input and output of the experimental system.
The electrical conductivity of the OMW from the outlet of the experimental system is constantly higher than that of the inlet (Fig. 2 ). This increase is accentuated during (May at July). During the period August-September the difference in conductivity between the inlet and outlet of the experimental system is found to be very slight demonstrating a significant acclimatation and development of the plants. The average electrical conductivity of the raw and treated OMW is about 5.8 and 8.8 mS/cm respectively. The TSS elimination varied from 82% to 99% with an average elimination of 94% (table 2) . This reduction may be explained mainly by physical processes (sedimentation and filtration).* Table 3 . As can be seen in Table 3 , the average removal of total COD and dissolved COD was high 99.5% and 99.7 respectively. This elimination can be explained by the better oxygenation of the soil allowing aerobic bacteria to proliferate and consequently provide a better mineralization or oxidation of organic matter. The elimination of phenolic compounds is very important; it is the order of 95% (Table 3) . This elimination can be explained by the aerobic and anaerobic bacteria degradation, absorption by plants, volatilization, and the storage in the soil.
Evolution of removal yield of TSS, total COD, dissolved COD and phenolic compounds of system (August 2006-July 2007).
Paramètres
CONCLUSION
This study was conducted to test the elimination of organic matter of diluted olive mill wastewater by sand filers followed by macrophytes. The physical-chemical analysis of diluted OMW shows that it is a highly acidic effluent (pH 4.79), very loaded in terms of total COD (26.78 g / L), dissolved COD (20.47 g / L) and phenolic compounds (5.69 g / L). The pretreatment of OMW by the sand filter provided an increase in pH by three units after the buffering capacity of the sand and its power to oppose the change in pH. A significant removal of TSS and organic load (TSS: 70% total COD: 79% dissolved COD: 76% and phenolic compounds: 81%). The COD removal indicates that a good bacterial assimilation takes place in the sand filter. The reduction of phenolic compounds is explained by the polymerization and / or bioconversion of tyrosol and hydroxytyrosol. Treatment with the combination of a sand filter followed by macrophytes ensured a significant removal of organic load. The removal of TSS by the system is about 94%, the reduction of phenolic compounds is always greater than 80% at the start experience. In the case of COD removal, the combination of two systems showed a major importance in the degradation of organic matter. Indeed, the reduction of COD and total dissolved is about 99.7% and 99.5% respectively.
With regard to OMW treatment efficacy, the results obtained agree with important role of macrophytes for maintaining the aquatic plants treatment capability particularly for wastewater with high organic matter.
